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From these considerations the air over desert areas 
should be considered as warmer, level for levcl, than air 
over surrounding areas with a vegetative cover. It 
would seem that the free air over deserts receives a 
greater increment of heat in the daytime than it loses by 
radiation at night and that the excess, small though it 
may be, is cumulative, so that after a time we should 
ex ect that free-air currents from the lower Colorado v31 e and the Gulf of California would be warm as com- 
pareiwith currents from the Pacific. The former by 
reason of the lower specific avity of the air in them can 
not flow to the westward. $he most likely course of the 
air is therefore in the direction impelled by the pressure 
gradient. The latter generally indicates a movement 
toward the north. The sounding balloons liberated on 
the six successive days, July 29 to August 3, traveled in 
a northerly direction and the lowest temperature recorded 
durin the flights was esperienced on August 3-the last 

above stated. When flights were resumed on A u p s t  5 
the free-air winds were from the SSW. and the minimum 
temperatures were distinctly higher than durin the first- 

did not reach so grcat a height as in the first period. A 
better comparison, however, would be to use a definite 
level reached by all of the balloons furnishing useful 
records up to, say, 14 kilometers. Such a comparison 
shows that the temperature in souther1 winds was on 

interpretation of ths fact is left in some uncertainty, 
since the southerly winds of the group July 29 to August 
3 had more. o~ less easterly components, which might 
mean that ongmall they were of continental origin. 

suggestions. The distortion of the isobars in the summer 
months, before mentioned, makes it difficult to determine 
the probable direction of the free-air winds from surface 
isobars, but when the pressure distribution over the 
entire Rocky Mountain and Plateau region is considered 
there is better agreement between the pressure gradients 
and the direction of the free-air winds. 

Thus on July 28-29 the west-southwest winds above 
Santa Catalina Island were evidently due to a cyclonic 
disturbance that was moving eastward over southern 
Alberta. This disturbance deepened somewhat and 
moved east-northeast in the next 24 hours, so that by 

day o 9 the six in which the freeair currents moved as 

named period, although in some of the flights tf e balloon 

the average 2.7O lower than in wester g y winds. The 

Com arison of t iIr e data of Table 1 with the weather 
maps P or corresponding dates leads to some interesting 

the morning of the 29th the whole of the northern Rocky 
Mountain re 'on and the up er Missouri Valley were 

t.0 pass from the ocean to the land over the States of 
Washington and Oregon. 

On t.he next day, July 30, this anticyclone had advanced 
inland as far as northwestern Wyoming and the barometer 
level at  its center had risen to 30.20 inches. Coincidently 
with this movement, the tem erature in the free air, as 

also rose, but fell sli htly at  the surface and as a result 

zona is now rojccted northward to include the Great 

cations one would say that the Arizona and California 
lows have intensified and merged. But if we take the 
free-air observation5 under consideration as an index to 
what occurred over California and Arizona, it is at  once 
seen that the surftwe. indications are no sure guide to 
what has actually ha 

On the next day, &\ 31, the free-air temperature fell 
about as much as it ha risen the day before. The anti- 
cyclone by this time had advanced to western Nebraska; 
its center now stretched to southeastern Idaho as an oval 
with central pressure of 30.30 inches, a rather unusual 
anticyclone for the month of July. 

With the entr of this ailticyclone over the continent 

now became southerly and as the anticyclone advanced 
to the eastward the winds became SSE. 

It is rather significant that the lowest temperature 
reached in the whole series of sounding-balloon ascensions 
was on August 3 at  a height of 17,428 meters, and that on 
the revious day an almost equally low tem eraiure was 

indicating a slight lowering of the current of cold equa- 
torial air. 

The important thought of the aper as I see it, is the 
necessit of a further study of t t e  inhuence of sununer 

Mountain and Plateau region. It is already known that 
the movement eastward of these anticyclones ves the 
clue to shower forecash for western and central d olorado, 
New Mexico, Arizona, and southern Utah.2 

under its in P uence. On this B ate an anticyclone began 

shown in Table 1, rose decide L$l yj pressure in the free air 

the isobar inclosing t a e center of low pressure over Ari- 

Valley of Cali P ornis. In other words, from surface indi- 

ened in the free air. 

t-he free-air win B s which previously had been southwest 

reac g ed at an elevation of 21,302 meters, &us perhaps 

North d acific anticyclones upon the weather of the Rocky 

3 Weather Forecasting in the United States, p. 115. 

THE PRESSURE DISTRIBUTION AT VARIOUS LEVEL3 DURINQ THE PASSAGE OF A CYCLONE ACROSS THE PLATEAU 
REGION OF THE UNITED STATES. 

By C. LEROY MEIBINQEB. 
(Westha Bureau, Washington, D. C., Augast 16, lozZl 

INTRODUCTION. 

Barometric reductions in the PZateuu.-It is important 
to ascertain what effects, if any, a mountain range, or 
lofty plateau, exerts on the meteorological elements of a 

The Plateau region'of western United 
Etates projects into the atmosphere to an average height 
of approximately a kilometer and a half above the level 
of the sea over an area of more than 5,000,000 square 
kilometers. Situated, as it is, in a position of the great- 
est strategical importance, from the viewpoint of the fore- 
caster, it is essential that he understand very clearly the 
relations between the surface weather conditions and the 
pressure distribution. 

assing storm. 

The problem is B complex of hypsometric effects, and 
meteorologists are thoroughl c o p a n t  of the fact that 

is unreal in the horizontal barometric gradients. Owing 
to the hypothetical nature of the rocess, the allowance 

and it is necessary, therefore, to be content with the 
knowledge of the presence and mode of origin of these 
false features. 

The differences, however, between the probable dis- 
tribution of ressure at sea level were the continent re- 

of the Plateau where the weather occurs do a%mt of 
investigation. These differences arise not through faulty 

reduction to sea level in the E9 lateau introduces much that 

for fallacious effects is a difficult, i f not impossible, task, 

moved and t % e actual distribution at the avera e level 
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reduct,ion methods, but t h o u  h inherent characteristics 
of the hypsometiic relation. fn this way alone the pres- 
sure distribution, when reduced to a level from 1 to 2 
kilometers below the points of observation, may assume 
a quite clifferelit aspect from t.hat at  the average level of 
the observation points. themselves. The ma nitude of 

temperature gradienh. 
Bigelow, in devising the system of barometric. reduc- 

tions now em loyed in the Thitecl States, sttenipt,ed t.0 
eliminate t.his R ypsonietric effect by assigning such values 
to the mean temperature of t.he reduction column as 
would reproduce on t.lie sea-level map the ackual dist.ribn- 
tion of ressure at about 1 liilometm (actually 3,500 €e&.) . l  

In this R e was doubtless partially successful. The weak- 
ness of his scheme is the assumption t,hat a given suiface 
temperature is aZwuys associat,ed wit,li the saiiie n1ea.n 
temperature of the fictitious sir column, a rlew t.liat, is 
incompatible with the evidence obtained by means of 
kites. While we may grant the artial succ~ss of thc 

to in d cated gra d ients afFori1s abundant evidence that it 
is not always satisfac.tor -. 
neither the actual dist,ribution of pressure at  t, le aver- 
age elevation of the Plateau nor t,he dist,ribution that. 
would occur a t  sea level were the Plateau removed, W P  
may 'justly ask w-hy trlie attempt to reduce to t,lint 
level is made at  all. This reasoning only leads t,o thc 
long-recognized trut,h that, having tlccwate knowledge. 
of the vert.ica.1 temperature wadients, we could un- 
doubtedly make a more satisractory weather niap by 
reducing pressure to some level near that of the station. 
If. temperature arguxents me somewhat speculnt.ivc1. 
there is the compensating fnct that the distance tlirow1L 
which the reduction inus t be effected is considera$\- 
shortened and the resultant pressure error apprccinldy 
reduced. 

With the purpose of testing the practicability of 
making such reductions, and, niore especia.lly, of tiseer- 
taining in what respects t>lie distribution of barometric 
pressure differs from one level to another as one as- 
cends from sea level through the Plateau to the free 
air above, a specific case of the assage of a cyclono 

ing pressure maps drawn for levels 1, 2, and 3 kilo- 
meters above sea level. 

T7ke cyc2one.-The storm in question was that which 
crossed the United States durin the period February 

ant.er the United States in t,lie vicinity o Tatoos11 
Island Wash., and proceed in a zigzag c.ourse across 
the Piateau in a southeasterly direction, constantly 
increasing in intensity, until, on the morning of Feb- 
ruary 13, it was centered st Gtmsas City, Mo., wit,h the 
plienonienally low pressure of 978.7 mb. I t  had as- 
suined an extraorclina.ril circular form and its diam- 

States. Hi h winds prevailed in the Great Plains; dust 

this difference varies with t.he intensity of the s iorizontnl 

att,em t, the frecuent want of con P ornlity of wind speed 

If, then, the sea-leve ? imp in this region re rese1it.s P 

across talus region has been selectme- J) and the corresponrl- 

10-16, 1919. Upon the sea-leve f map, i t  ap eared to P 

eter iiiucli exceeded the f atitudinal extent of the United 

storms and f ia.ze occurred far to the enst. The progress 
--- -._____ 

1 BIgelow, Frank E.: Report on the barometry of the United States. C2uurd8, and the 
West Indles. R W  oft he Chfr/ 01 tbe 1Ymibrr Burrnu, Ii!iXl-IHol, Vol. 11, p. 774. 
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of this storm from t,he Great Plains eastward has already 
been discussed.a 

It is now proposed to pursue this storm across the 
niountninous Plateau. A similar attempt has recently 
been made by T. Kobayasi3 in following a cyclone 
across the low inountsins which parallel the east coast 
of the Korean Peninsula. But his mountain range does 
not, attnin the great, heights of the Sierras or the Rockies, 
nor does lie ha,ve a rugged plateau of vast extent. The 
presence of wntw weas within several hundred kilo- 
nieteivj enst :mcl west of the eninsula would also un- 

of t-lie American Plateau. 
Up01i the sea-level map, the successive 12-hour posi- 

tions of lowest pressure were as follows: 
Febniary 10, Is p. m., Tatoosh Island, Wash. 
Fel-lruary 11, 8 a. m., Kinnemucca, Nev. 
E'elJruar:,, 11. S p. m.. Yellowstone Park, IVyo. 
Fel~roary 13, P a. m., Penver and Pueblo, Colo. 
Fcllruary 13, 5 11. m., Amarillo, Tex. 
.Fe'el-~nl;lry 13, S a. ni., Kansas City, Mo. 

doubtedly produce effects mar R edlg different from those 

Froin it.s first appearance until after it passed out of 
Colorado there \\*ils nn obvious connection with low pres- 
S I I ~ C .  fnrther to the north, beyond the Canadian border. 
A t  Wiiinemucca appenred t,he first c.losed isobars, but the 
number of t,lieni incrcased until, as described above, the 
circular forma.t.ion of vast extent overlay the Great 
Plains and t,lie Mississippi Valley. The evident connec- 
t.ion with low prassurc outside the field of the maps is 
significant. 

MAPS FOR THE UPPER LEVELS. 

E l ~ ~ ~ o ~ t i o i i 8  i n  the Plu,temi.--While maps have been 
tlrnwn for three up er levels, they can not, with the 

be regmlecl as free-air pressure maps. There is, to be 
sure, dong the Pscific coast a long strip of land very 
much closer t.0 sea level than to any of the upper levels. 
Rut, the Sierras and the Platenu rise abrupt,ly to the east, 
wit.li t.lie result. t,hnt most of t.he stations lie above the 
I-kilometer level, and several lie :i.bore 2 kilometers. 
While there are no st.abions nt. present operating as high 
as 3 kiloineters, it, must not bs forgotten that this level 
is penet.rated b mountains at. nuiiierous places. In  

approximate level of the highest points in the Plateau, 
while the 1 and 3 kilomet.er levels lie, over considerable 
areas, below the surface.' These maps may be regarded, 
therefore, ns at,teinpts to show what the barometric dis- 
tribution would liave been had the earth been sliced off 
smoothly at  those levels. The following table of stations 
shows their altit,udrs and the vert,ical distances from their 
barometers to t.he respective levels. The negative sign 
indicates that the reduction level lies below the st.ation. 

part.i,sl exception of t R at for 3 kilometers above sea level, 

genaral, t,he 3% r oineter map represents conditions at  the 

__- 
: zrisinger, C. LeRoy: The pest cyrlone of mid-February, 1919. MO. WEATBEE 

KEV October. 19!2u 4s:&SM!3$. 
3 $ohyasi T.: Oh a cyclone which crossed the Korean Peninsula and the vluiation 

of its polar frbnt. Qwr. Jour. Roll02 Met'l. Soc., April, 1922, pp. 1BB-lU. Abstract in 
this l%EVIEW,, p. 356. 

1 IVhIle it IS not practicable to reproduce a hypsometric map of thia redon the inter- 
ested reader may find 8 sketch map in the May, 1920, REV~SW, F. 253, which & give all 
appraximate Idea of the areas above the several levels. 
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-- 
Elevation. 

Station 
Feet. 

I- 
- 
Tatoash Ieland Wash .............. 
Seattle. Wash... .................. I 
North E ~ s l ,  Wash ............... - 1  
Portland Oreg 
Ro*hu$. o ~ g .  
Eureh Calil ...................... 
Red Blh,  Calif ................... 
Sacramento Calif. ................ 
Pan Franc 11'0, Caul.. ............. 
Fre.sno. Calif. ..................... 

................... Spokane. wasd I 

.................... .................. I 
............... 

.................. .................. ................... I 
.............. 

.................. .................. .................... 

......... .................... .................... 
.............. 

........... ................. ................. 

............ ................ ..................... 
................ i Cheyenne. W r o  ................... 

I .............. Rapid City, $. Dnk. 

- 
ar, 

l,m 
125 
211 
1 53 
51 0 
62 

*9 
15s 
327 
33s 
s7 

1.10s 
l5,9rn 
I;, 090 
4 341 
2' 739 a: 471 
2,973 
4,110 
2,505 
2,371 
G ? W  
3: 780 
5,372 
4 477 4 3 -1) 
5' 4R 

1:76 

2: SM 

3: 259 

a?! 

4:I.k 
7.013 
.7.3:1; 
3 7 P  

3, I:;#; 
1 ?I4 

4. r w  
5. b? 
2,821 
t i  OSS 

Temprattire rpaclionts in. thz  P7cri(orr.--There is very 
lit.t.le mformat,ion available coiiccrning iempcrat.ures 
above the surface in the west.ern region, o n r l  this grent,lg 
com lic.at,es any atkern It t.o reduce pressiire. 1Tnfort.u- 

meridian. Such sounclin balloon nsccnt.s as ~';ert-! niaclc 
off t,he coast of sout,her~i 8- ..aliforiiin a few ~7mrs ago wer(+ 
macle in the, suiiiniertime, and conclusions which one 
mi lit draw concerning grnclient,s within these lowest 
3 filometers would not he npplicnble t.o February con- 
cIit,ions. For some years records were kept 011 the 
summit, of Pikes Pettk, Colo. (5,301 niet,ersI and t,hese 
were subjected by Prof. A. J. Henry5 to carcful com- 
parison with s-mclironous records at  Colrmdo S rings, 
Colo. (1,85S meters) : siniilrtr studies were nindc o? data 
obhinecl a t  Corona, Colo. (3.554 meters). Leailrille, 
Colo.(3 135 meters), and Denver, Colo. (1,613 meters). 
Valuabia as these d a h  are, it. must be true, froni what. 
we know of kite dats, t.hat vertical gradient,s of teni- 
prrature based upon mcasurement,s at  two poi1it.s scpa- 
rated by considerable vertical distance, hoth of wluch 
are surface stations, can not. properly nccouii t for t,he 
sinuosities of the inhrvening lapse rate. Neverthtrleas, 
these mountain atlients afford the only tlircatl of direct 
observRt.ion w e  g-re. 

There is the line of aerolo ical stations, consistino of 
Ellendale, N. Dak., Dresel, tebr. ,  Broken drrow, O h  
and Groesbeck, Tes.! from which considerable infor&: 
tion is to be obtained regarding verticsl graditin ts, but 
these stations are a t  a niuch lower level, and their results 
must be applied to mountain stations with discrimination. 

natey,  P there are no k ite stations west, of t.he 100th 

3 Hem A. J . Variations of tern rature and pressure at summit and base stations 
~n me Z h y  countain redon. B" ulltlin of thr Mount N*mthff Obxucntorp, Vol. 111. 
part 4,1WO, pp. m1-225. 

The values given by Professor Henry, expressed in 
de rees centigrade, per 100 meters, for the gradient at 
Co f orado Springs, are as follows: 

1105th Alwidisn time. 

5 a. In... ......................................... 0.44 
1ia.m ............................................ 0.45 
5 p. in. ........................................... 0.70 
C,p. m. ........................................... I). 63 

The 5 o'clock values are applicable to the observat,ions 
tnken in 120th meridian time. 

For the kite stations! when the diurnd rarint,ion is 
not, consirlerecl , the values are smaller than those given 
above, ahowin$ a tendency toward strong inversions in 
Fobrunrp at, hllendtde, lesser inversions at Dresel, and 
siiinll positivc lapse r&s at the t,wo southern st.ntions.o 
The kit.c records 1in-i-e the advnntage of being integrated 
over sm:tll :tItit.ucte divisions, whereas the mountmain data 
ztre haschd on two points only. 

Therefore, in cases where the air coluinns were quite 
long, and the 1atit.ude southerly. it. WIRS beliered that, 
for niorning obserratims. L gradient of 0.5' C. per 100 
niet.ers might ~eilsonnhlr be employed ; that in middle 
1:itit.udes 0.3' C. or 0.1"C!. pcr 100 meters; and that in 
t.llc ni,rt,li of the Plu.t.esu 0.3' C!. per 100 meters. For 
short nir colunins 11 ann11 positive or possibly a smclll 
negative 1:ipse rate might account, closely enough for 
tlie rcrticnl temperature distribution. In  the evening 
the lapse rate e~nplqyecl was, in d l  cases, higher. 

Teinpwatwr !Imdienta on thr P U C ~ C  coast.-On tlie 
Pacific const. (which offers a different roblein from t,liat 

Mount Tamdpais, near San lhncisco, WLS maintained. 
Its altit.nde wa.s only 734 meters nbovc sell level and it 
could serve cnily in t.he most $enerJ way as an index to 
the niem temperature over ban Francisco up to 1 kilo- 
met.er atbow the sen. The vertical gradient between 
Sn.n Frmcisco and Mount Tnnial ais a t  the t h e  of the 
ohservkons in question was at g out 0.7' C. per 100 
meters, there he,ing little difference between morning and 
evening observations. This indicated t,hti,t along tlie 
Pacific cmst. a 1argFr lapse rnte should bc used than t.hR.t 
t'ni loyed for interior st,at,ions. 

$dinbiZity of thr maps.-These are the only bits of 
dire.ct evide,nc.e one has for deterniining the probable 
mean t.emperature of the rtir column. Since taliey me 

robably quite close approsima.tions, and since tfhe 
En-gth of the air column was, in most cases, very short, 
it, is beliered tlint the computed pressures are approxi- 
imtely correct. This is especially true for the 1 and 2 
kilometer maps. Within sir columns 1 kilometer in 
lengt,li, errors of 5' C. !certainly tlie error in this study 
is not of that nia.gnitude) result in pressuye errors of 
:thout~ 2 mh. Therefore. we n1n.y have considerable con- 
fidence in t,he results obtained, even though the maps 
must be reprded as on1 upprosimste. I t  may be added 
that Kohayasi ' used th a; gradient of (5' C. per 1,000 meters 
throughout his study, and yet he placed considerable 
weight on the nppearnnce of secondsry depressions upon 
his maps. 

M&iod ?f coinytctirq prosxlrrP for 3 kilometers above 8e.a. 
Zrvel.-The pressures for 1 nnd 2 kilomet.ers above sen 
level were cnlculntrd directly by means of the hypso- 
metric formula. The ressures for the 3-kilometer map 
were computed somew K at  differently, md may be, as a 

of the Plat.ean) a t  the time of this cyc f one the station on 

.- 
a GregF, W. R.: An aerologlcical survev of the United States. 

' Lac. Clt .  

Part I. Results of 
observations by means of kites. Mo. WEATHER REV. SWPPLEMENT No. 20. 
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Feb. 10, 1919, 8 p.m. 
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Feb. 1 1 .  1919. 8 a.m. 
- __ -. .. . - .-.-..- .-. . -. - -- 

Feb. 1 1 ,  1919, 8 p.m. 

Ftaa. 1-3.-Barometric pres- and winds at various levels in the Plateau reglon. February 10,1919.8 p. m., snd'Februajll,'l919,S a. m. and 8 p. m., 75th meridisn time 
From bottom to top the levels represented are. sueeassively, sea-level, 1,2, and 3 kilometers. 
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Feb. 12, 1919, 8 a.m. Feb. 12, 1919, 8 p m .  

861 

Feb 13, 1919, 8 a.m. 

RGS. W.-B8romtriC pressure and winds at various levels In the Plateau region, February 12,1919, P 8. m. and 8 p. m., .and Felnuary 13,1019,8 8.  m., 16th meridian tlme. 
From bottom to top the levels represontecl are, succesaivelp, sea-level, 1,2, and 3 hlometers. 
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consequence, less accurttte than the other two maps. 
But it is t,houglit that it is more accurate than a conipu- 
tation based upon an assumed temperature for so long 
an air column. 

It was Iound t,hat t’lie difference between the average 
pressure at  1 kilometer nnd that at  2 kilometers above 
sea level in February is practically the smie at  each of 
the four kitr. s t h o n s  mentioned above. In R like manner, 
there is little difference among t.he several stations re- 
garding t.lie difference of average ressure hetween 3 nncl 
3 kilometers tcbove sea level. F8 e n i q  therefore form 
n pro ortion hetween the ave.rage pressure tlifferrw~es 
and t. f le current pressure differences. Thus, 

in which and arc the differences between the 
average February pressurcs a t  tho levels indicated 1)y 
the subacriptj; d, - 2  itncl a,-? are corresponding current 
differences at  Plateau stathns, the former being derived 
froin ~ ~ i l c u l ~ t ~ i o n  and the latter heing unknown. Up011 
the ba& of the kit.e cist:t.s thr ratio D2-s/D,-2 was found 
to he 039, whence, 

It should be stated further that in cases in whicl~ 
observations were made n.t the four kite stntions thosc 
obserrntions have been plo t.t,ed and used on the imps 
for t.he eastwttrd extension of the isobars. 

lot,tecl t4he various pressure values figures 1 
to 6 were o R tained, which show for sea level and each of 
the three upper levels the prt’ssure dist,rihution for each 12 
hours between Febiiiary 10, 8 p. m., and February 12, 
8 a. m., 75th meridian t.ime. In these figures the lowest 
row of maps represents sea level conditions, the SUCWS- 
sive rows above represent, the pressure distributiou i1.t 
sucressive altitude intervds of one, l&:yter. 

TAe eflect of di ur rial tern pmr.hire vnriafton.-A f urt.l ic~ 
word is necesmry concerning the conipa.rison of sea-levd 
mmps with those for the upper levels. In addit,ion to t,lv 
tem erature ar ument already introduced into tlie tables 

current and the preceding 13-hour surface temperature 
to be taken into account. This is regularly done a t  
Weather Bureau sta.tions, and it tends to smooth out and 
prevent strong diurnal changes in int,ensiti of pressure t i t  
the low level, the purpose being to make t e mornina and 
evening maps coniparahle. In drawin the u per c%srts 
this average temperitture W-M not use$ and Er  two rw- 
sons: (1) So far as possible, i t  was desired to show the pres- 
sure nctudlg exist.in ; and (2) it was found, upon esam- 

of ten1 erature during this 
period a t  numerous st.ations that t e effect of this daily 
swing would hardly be perceptible upon the upper inaps. 
Sudi a variation would tend to make the pressure lower 
a t  low levels with high temperature than with low tem- 
perature; a t  high levels t’he reverse would be true. The 
effect would be most marked, of course.? in regions hav- 

Having 

by % igelom-, t i: iere is the procedure of averaging the 

R ining the diurnal cinnges P 

slight discrep- 
there ma.y be between sen. level 

not interfere bo any significant 

d Aerological Survey of the United States, la. ci#. 

T H E  C Y C L O X E  AT UPPER L E V E L S .  

The 3-kilometer ma.ps.-With the general sketch of the 
sea-level performance of this cyclone as a background, 
let us first esamine the 3-kilonieter charts for the period. 
Upon these chart8s have been drawn the directions of 

These clouds 
level and their 

direct,ion of movement presumably indicated the ap roxi- 
mate t,rend of the isobars a t  stil’l higher levels. 8wing 
to the short time allotted t.he observer for the taking of 
his observation? the direction of upper clouds is not 
alw?r-sys perfect.ly reliable. With a few exceptions, how- 
ewr,  it, will be seen t,lint the reported c:lirect.ion of u per 
clouds either confonns to the isobaric tmnd at 3 K d o -  
meters or shows a t.rend somewhat nzore from the west. 

Bcginning d l i  t,he first of t.114 series at. 3 kilolnet,ers, 
tlie conven t.iona1 conct? )t,ion of the free-& isobaric trend 
is \vel1 exemplified. h e r e  is high pressure over the 
Sout.hern P1at.ea.u find low ressure t,o the north. the iso- 
bars are ermly spaced. 13;i’oni a point in the &ort,liern 
Plat.eau t,here i s  lower pressure bob11 to the enst and the 
west,. As we advance through t,lie period, the evidences 
of low pressure nt t.his high 1eve.l a.re till very closely 
reln.t.ed to t.he general low pressure in t,he n0rt.h and the 
isobars in the iiiiliii a.re open t,o the north. Toward the 
end of t,he period the low pressure in t.he free air pushes 
farther sout.li over t,he Great Plains, but the isobars are 
oval in form nnd tend to open bo the north. 

High pessr:r.r in the south and low pressure in t,he 
north in tilt! free air nre t,he obvious consequences of 
high tempcriiture in the soi1t.h and low tempedure in 
the nort,h. This horizontal gradient of temperature is 
most accentuated in wiiit.er, but is b~ no nieans extreme 
in t.liese nirtys. The decided southern looping of the 
isobars immediat.ely after the Plateau is crossed suggests 
tit, once the ronnection hetween topogmphy and the dis- 
tribution of pressure,. 
T ~ F  l-kilomett~r a.nd 2-kilomctw niaps.-Upon t,he 2-kilo- 

met.er ninp hrrve heen drawn arrows corresponding to t,he 
repwtctl direct.inn of lower clouds. In general, t,he agree- 
ment is good, but., t,lioi?gh the accuraq- of observation is 
greater, the topographic. influence upon wind direction 
is more strongly operatiye, so that as one approaches the 
suil‘ace in this mountamous region more and more fm- 
cluelit will he the discrepancies between isobaric trend and 
recorded wind direction. 

The 2-kilometer and the 1-kilometer series act in prac- 
t.irttllv uniform manner as intermediaries between the 
distribution a t  3 kilonietei-s and at  sen, level. As one 
proceeds downward from 3 kilometers t.he ressure 

beconies more and more intense, and in all cases there 
is a significant increase in the horizontal gradients just. 
HR soon as the formation gets across the Plateau. 

There is the outstanding feature, however, that the 
sea-level map does not coincide with the 1-kilometer map, 
showing that, at  least in this case, Bigdow’s att,em t WRR 
not erfectly successful and that the. pressnrre a.t Je. pen- 
wal P eve. ut wh.ich. the uwdher occurred u.ns not claracterked 
b y  the steep grad,iisnt.s shown on the sea-level map. 

For example, winds a t  no time were excessively hi h on 

gradients. The only high winds associated with the 
storm occurred ns it passed into the Plains States, when 
the dust stornis mentioned earlier occurred. A t  the 

’upper clouds as re orted t.elegrri. hically. 
probably lay far a. YI o w  the 3-ki 

change for n given station from one day to t ! e next 

t.he Plat.e.au, in spite of the indicated intensity. o f the 
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time of the last ma , when the gradient was only slightly 

Cheyenne (a.bout 2 kilometers) there was a difference of 
wind speed of about 10 meters er second, tlie North 
P1att.e wind bein the higher. &en the storm was a.p- 

uehlo, Denver, Grand Junction, Salt Lake City, nor 
Cheyenne reported wind velocities in escess of 5.3 meters 
per second. The following brief t;able of pressure differ- 
ences between Denver and Salt Lake City on this date 
(morning of February 12) shows how. the gradient de- 
creased with nlti tude : 

TABLE Z.-Diferenee in pprassure betiiwn Denver and Salt Lake City at 
various bels, 8 a. m. (75th meridian time), February 12, 1919. 

of tem erature. However, the distribution of pressure 

beyond doubt, since the presence of the primary cyclone 
in the north is definitely shown. 

Figure S shows t,he distribution in time of pressure 

N. Mex. 
Plrcl.1:pitafion..--The precipitation over the Plateau was 

principally in t.he forni of rain, altliouoh snow fell during 
the latter part of the period in thekocky Mountains. 
The rains, which occurred generally don the Pacific 
coast and some distance inland, can be s f own by the 
upper maps to follow quite dire.ct.ly froni the importa- 
t.ion of moist air from t.]le Pacific as result of the circu- 
lation about the cyclone in the north. 

Temperatwe.-l"he distribution of temperature is of 
fundanientnl importtince, especially when one considers 
the increuse in intensity of the depression d te r  it entered 
tlic Plains States. While the st,orm mas on the Plateau 

........................................................ 11.5 1.m t.liere was no escept.iona.lly markeil la.t.itudiiic1 gradient 

that great reservoir of warm, iuoist, air over the. Gulf, 
t,he rapid northward migritt,ion OI t,he surfnce isotlirrrns 

steeper a t  North H latte (about 1 kilometer) than a t  at  3 ki P ometers (fig. 3) would have settled the question 

centere f in Colorado, 24 hours earlier, neither changes at  sea-level and a t  3 kilonieters a t  Santa Fe, 

I mel.  

- 
................................................... .................................................. of teniperature. As t.he storm ap roached the Plains, 
.................................................. i 0.61 however, and tlie southerly winds K egnn to ( L ~ H w  upon 

- 
Sea level 
1 kilometer.. 
2 kilometers.. 
3 kilometers.. 

_-___ _____ 
The r"tmio ''IdB is that bet'wee11 "" Pressure differ- bega,n. F,it,hin t,lie period represented by t,!le last 

nort,ilern ancl snut1lerll gorders of the lrnited Et,ntes 
ellce at  the level in quest'ion ancl at  sea level; '11 other t,llree IliqIS, t.he tell1 e.rature clifference bct,\veen t,he words, it is t'he perc'entage Of sea-1eve1 
at  t.he u I er levels. From this it is clear w1iy the wind t,lle 95th llleric~iiin increased fro:ic, l l o  (=. to c., 

and tlic isot,lier!n of 10' C. WLS shiftred inar ldly north- indicated \y the sen-level gradients did not occur. 
The c h . + h t i o i l  qf the -qt0m.--tlccording t,o the chssi- JVard in t,l,e ;Ilississippi v ~ l ~ ~ .  Similarly, in rear ficat.ion given in .Weafiter Forecasting i n  the United A'tatts,'' of tile storill, low te,llperatures were induced in t,lle aorth- this storm was of tlie North Pacific t,ype, which reaches eTn plains. The result wa,s t,o accentuate the t,helmal its masinlum intensity in February, as a rule. The pat11 c,ontrast bet,,\,een the front and of tile stoyia. rrllis 

and thus cause--if we may have confidence in the re- 
By rewon of to oyraphic ronditions. the rnorement of North Pacific ce,pt that cy&nes move in generd wit,h the upper dri f l  t 

the m.zllual :lo 

r.ow across ttie Lateau and Rocky Mountain recion is often maRked accelerated nlovelllent of the cyclone t,omard the and difficult to follow: in mrne cages it is almost impossible ta locate thr 
true center of the disturbance on the synoptic chartrts. northeast. This suggestion is rendered plimible by the 

fact thait. 4s hours d te r  the storm was centered at, Kansas The ~ynopt~ic chrt,s nlelltioned are, of course, t . 1 ~  SW- City t,he center of pressure ,v21s pa,ssinp oft! tile 
coast of New England. level chart,s. 

A41Zobnric charts and their si~n~fica,),re.--Allobario c1iart.s This t,herlllal w,,uld likewise have t,he effect 

caster in redicting the niovenient of ressure centers. the axis of the cyclone to illcline t,oward the region !I 
are always of interest, because of t,heir value to t.he fore- of opelling tile frec..-air isobars to the nortll and ,-.nuin 

point of view, the center also for 3 kilometers. These t,wo levels will s~fice. since iI1 tile free a,ir probably traced track sonle~v~lat pmnllel 
changes at  interniediute elevat,ions were intermediate m to t,llat sea level but a prosinlately &lon the nort,hern 
magnitucle. It will be seen that the pressure clinnges border of the 1TTnited $tates. All ava,ila, 5 le upper-dr 
are, in general, in the same direction but of smaller m a p  sountliIlgs in cer?trsl and eastern United States support 
nitude at  the upper level. The first sea-level map 111 tllese conc~usions.ll 
Figure 7 shows two kstnllobaric centers of equal inten- 
sity, the one southeast., the other northeast, of Winne- 
mucca, tlie center of lowest sea-level pressure on tlie 
morning of February 11. Since the allobaric cliart,s have 
their clllef sipificance as inclicat,ors of the W h t  does the sea-level ma.p in th.e PZa.tea.u represent?-- 
mellt of tile center of lowest ere migllt be In the beginning, it was remarked that since we can not 

doubt, leaving other factors out of consideration, precise1 evaluate tlie error in Plateau reduct.ions which 
as to whether stom would continue to towvard arises t ]rough an erroneous temperature arguliient, it  
the southeast (the direction of its motion during the pre- is convenient, so far as this study is concerned, to con- 
vious 12 hours) or whether it would move t,oward the sider the sea-level ma as a correct representation of 

This is not what Bigelow intended, but me know from northeast. 
the difference between tlie sea-level and 1-kilometer As a matt,er of fact, the center did move to the north- 

east and appeared, on tlie sea-level map, near 'I: ellow- 
nchieved. We may conclude that the sea-level map is 

tion a t  sea level were the continent removed. In  other fell most markedly over the southern Plat,eau, an effect 

taken on the sea-level n1a.p was not' unusunl, but, says w-oulc1 elllpllnsize +,lie sout1imyest wink at  lipper levels 

-4 series o P these maps has been drawn f or sea lcvel and lowest Froln 

HYPSOMETRIC EFFECTS IN THE PLATEAU. 

R 
T 

what might be found t f: ere were the continent removed. 

stone Park. The 3-kilometer katallobars would 11aT-e 
been deceiving, since at that level the Pressure 

which be attributed in Part to 

cllnrts that what he intended not, in case, 

a snloot]led or softened representation of the &tribu- 

words, a true sen-level map would probably show even 
@ Westher Bureau No. 563. Washington, 1916. 
' 0  op .  CY., p. 1m. 

- . .- .... ._ 
11 hisiainger, C. LeRoy: la. cil. 
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steeper horizontal gradients than the present one, 
reduction errors neglected. 

The hypsometric formula.-To make this thought 
clearer, let us recall certain consequences of the hypso- 
metric relation which must make their effect apparent 
at different levels. In  exponential form, this relation is 

B=b e iitl+pB) 

in which B is the ressure a t  a lower level, b the pressure 
at an up er levef K the barometric constant, 7991, 2 
the leng& of the reduction column, a the coefficient of 
gas expansion and B the virtual mean temperature of the 
air column. If this equation is differentiated, we have, 

z 

Z 
&Bg& e g(l+oBI- 

From this it is apparent trliat, for a given radient of 

will be somewhat greater, de ending upon the distance 
between the two levels an$ the temperature. Spe- 
cificall , if clb is 10 mb., 2, 3,000 met.ers, and 8, 0' c., 
we f in i tha t  dB is 14.5 mb. 

pressure a t  an upper level, the gradient at  a 7 omer level 

Feb. II Feb. 12 13 
pm. a.m. Feb. I O  

a.m. p.m. a.m pm. a.m. 
i 

I I I I I I I 

FIG. 8.-Pressure changes at sea level and 3 kilometers above sea level at Santa Fe, 
N. Mcx. 

This assumes no difference in the mean temperature of 
the air column. But if there is a difference of 5' ().,-and 
since higher temperature is usually associated with fall- 
ing pressure-we assume the higher tern erature at the 

to 22.1 mb., over twice the gradient a t  the upper revel. 
Exner has shown" how pressure differences a t  the sur- 
face are a complex of pressure and temperature effects 
as shown by sounding-balloon data and by partial 
daerentials of free-air pressure and mean temperature 
of the air column. 

The essential point is'that gradients of considerable 
magnitude may appear at sea level corresponding to 
lesser gradients at the Plateau level. But there is no 
atmospheric circulation to correspond to the sea-level 
gradients because there is no atmosphere at that level. 

Since we may consider the barometric depression aa 
su erposed upon the northward-sloping, tem erature- 

of lowest pressure will be shifted northward at each 

station of lower pressure, and find that B B is incrpsed 

in s uced, isobaric surfaces, i t  is apparent that t E e center 

~~ ~ ~ 

UExner F. M: DlynamiselLe d f c t m l c q f a .  Berlin lQl7 p 219-238. Cf. also dls- 
cudon in'IMd.: bber Luftdrtrekrrhaankungm in der h h c  ibnPhm Erdbodcn, Meteom 
loglache ZalrPehrllt, September, 1913, pp. 4-36 also November, lQ13, pp. 563-564. 

succeeding upper level. The maps here presented con- 
r im this reasoning, and we find upon the sea-level map 
a system of stronger gradients with closed isobars 
lying south of the center of lowest pressure at  upper 
levels. 

PLAINS AND PLATEAU EFFECTS COMPARED. 

What ha pens when the storm passes off the Plateau 
into the &eat Plains? We have already noted the 
general increase in activity and intensity in the latter 
part of the period and there are several effects to be 
taken into consideration in this regard. Supposing, 
fiist of all, that there were no increase in the intensity 
of the storm; what differences might a.rise between 
Plateau weather and Plains weather ? 

(1) As the storm moves eastward, the more active 
gradients at  lower levels become real. There results a 
natural increase in the speed of the winds, and the circu- 
lation at  the surface corresponds more closely to that 
indicated by the sen-level map. 

(2) Surfwe friction over t.he level plains is much 
siiialler than t.hat over the rugged mountains, hence 
higher wind velocities are to be expected. There is the 
eilect of greater density at  lower levels than at the 
Plateau level which would tend to counteract this 
increase to a certain estent. 

(3) With wa.riii, moist air to draw- upon in its south- 
eastern quadrant, the thernial contrast between front 
and rear of the cyclone would be increased. This 
would cause a shift. of the center of low pressure in the 
free air to the region of lowest t,em erature, and induce 

stream aloft. Warm, moist air would thus overrun the 
sea-level center of lowest pressure. 

Zn.creuse in. infendy.-Not only did the storm show 
all the effects mentioned above, but it showed a marked 
increase in intensity which reached a climm at Kansas 
City and then gradually decreased with further east- 
ward movement. This increase in intensity may be 
the result of the followinq effects: 

(1) It was suggested that reduced sea-level gradient.s 
in the Plateau were not as strong as they might have 
been had Bi elow not attempted to make sea level show 

are close enough to sea level that no great errors result 
in reduction thereto. Hence a given gradient in the 
free air should correspond to a steeper gradient in the 
Plains States than in the Plateau. This may account 
in part for the apparent increase in intensity after leaving 
the Plateau. 

(2) Considered statically, the increase in temperature 
above the seelevel center of the storm combined with 
the lesser density of the moist air and reinforced, per- 
haps, by the retarded lapse rate of temperature (for pre- 
cipitation was general b the morning of the 13th over 
the Southern States an central valleys) would o erate 
to lower the sea-level pressure. The warm an cold 
fronts were, at  this time, well developed, and this im- 
plies an upward com onent in the motion of the southerly 
air, both because o P the forced convection of warm mr 
overriding the cold air north of the warm front, and also 
because of convergence within the southerly stream 
itself. 

(3) Whatever the nature of the dynamic effects which 
may have o erated to increase the storm's intensity as it 

that the interaction of the southwestward-moving cold- 

a general lowering in elevation of t Y ie southwesterly air 

surface con 8 it.ions. In  the Plains States the stations 

B B 

procceded P rom the Plateau to the Plains, it appears 
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air stream to the north and the northeastward-moving 
warm stream to the south of the ceiiter was an important, 
factor. J. Bjerknes and H. Solberg have recently 
emphasized t!iis point. On page 15 of the work cited 
they say: 

At. the limit between a polar current and a tropical cunsnt  to the east 
of it  the two currents tire defleckd from each other, RO that au air 
deficit results above the region of their mutual limit. The low-pressare 
system, formed in  that m y ,  corresponds to a cyclone family. 

And, again, on the following page: 
-1s eoon aa a11 ea.qterly polar current and a we3terly tropical current 

become too stnjng a cyclone forms hetween them aut1 makes the cur- 
rentv encroach upon each other, diniinialling their differences of 
wlocity. 

COKCLZr810N. 

1 t semis remonuble t.o coiiclude, therefore, that imps 
representative of conditions at  and above tlie average 
level of stntions in the Plntenii would he of assistance Lo 
the forecaster in distinguishing between those h r o -  
metric gradients on the sen-lewl ninp \vliich arc real rind 
those which nro either erroiieiJus or follow tis t i  come- 
quence of the hypsometric re.l&m. Further. the climge 
in the chnmcter of the wextlier after the sttwin p:isaetl 
from the P1atea.u to  the Great Plains is plaid?; tluc to  
(1) the effect of stronger grti.dieiits new Seik level b~~01ii-  
ing real through having an actual atmosp:iere in which 
to esist ; (2) the sen-level grndierits becoininv stronger 
upon leaving the mljuntuin (listrick because or  rnodnrnt- 
ing effects in the reduction method; and (:3j nctunl iii- 
crease in intensity of the storni. 

A CYCLONE WHICH CROSSED THE KOREAN PENINSULA 

By T. GOBAYASI. 

[Abstracted from Quar. Jour. Roy. Md'Z Sor.. .4pril, 199.  pp. 169-lM.1 

With the twofold object of studying the henomens 

mountain ranze, and of noting the behavior of the polar 
front in the Far East, t-he author makes a series of inaps 
representing pressure distribution at  sea level, a t  iiitervnls 
of four hours between 10 u. m. March 24, and 2 a. ni. 
March 36, 1918. Upon the assumption of a lapse riite of 
8' C. per 1,000 meters for all stations. presure niaps at 3 
kiloineters above sea lerel are drawn to correapo~itl to 
G of the sea-level maps. 

-4t the time when tlie cyclone was 500 kilonieteis wwt of 
the Korean Peiiinsuln. which projects from the s:,uth- 
east coast of the Asiat.ic Continent in the direction of 
south-soutlienst, the width beiw from 300 to 300 kilo- 
meters, the length about 600 klometers," atid wliich 
contains a mountain rnnge from 500 t.0 1,000 nieters in 
height $ong its eastern coast, a secondary crclone u-cr.~ 
induced on the eastern side of the peninsula, but it. dis- 

induced by the passage of a cyclone direct P v across a 

~ 

1s Bjerknes J snd Solberg 13.: Life rvcle of cyrlones and the pdar front them- of 
atmospheric &hation. GMjysiekc Puhlikationcr. V O ~ .  111, NO. 1. Chrlstlauia, IU~Z. 

appeared within four hours. But by the time the cyclone 
lind advanced 100 kilometers, B second secondary, with 
H. well-developed po1n.r front, had appeared. The for- 
mnt,ion of t,liese secondaries, according to the author, is 
due to tlie strong wind of the primary storm being 
obstructed by t.he mouii tsins.' 

The free-air imps show- that these socondaries did not 
estend much above 3 kilometers and their tcxes are YO 
iiicliiiecl as t.0 i' wind themselves around the main 
cyclone.' ' 
-4 third secondary, associated with a sharp bend in the 

steering line, formed to the northeast of the main center. 
The free-air maps show the centers of the primary and 
the last two secondaries drawing gradually tomether, as if 
t.hey were joined together at  some higher revel. The 
twteni secondary continuslly inc.reased in intensity, 
while tlie prinlnry diminished ; the northern secondary 
fiiia.1l.v joined with the eastern center, and finally the 
mas tcrn center clisa peared entirely. Thus, the cyclone 

Q.msii1ering the cj-clone from the Bjerknesinn point of 
vicw, the holiavior of the storm was quite normal, except 
it:< i t, vms influenced b.v topogrnph?r. Dr. S. Fujiwharn's 
1 1 m ~  t1iror.v of tlie niccliaiiisni of extratropical cyclones (as 

. \  tes  roi di)1ig the " cold front ' having a counterclockwise 
seiise of rotation facing the center, and of a similar vortex 
rtsll 011 tlie '' warin front'' o€ opposite sense of rotation, 
'. and this vorticity makes the priiic.ipa1 source of energy 
:"or the cyclone." The intersection of these warm and 
cold fronts with mountain r q e s ,  induces secondaries, 
tilid ~ I W C I U ~ W  niionialous wind direct.ions. The phenom- 
en:& shown in the Korean cyclone seein to confirm Doctor 
F11j iw 11 :ir a's theory. 

The following is the author's summary of the cawes of 
secondaries : 

( 1  1 When a strong wind \vas ollet.rui:ted by mountains, a secondary 
was indiicttd ltinematically in the ShndfJW. rTJ& kind of secondary 
vaiiishes mnn if i t  does not'counect with the polar front.) ('2) When 
the $teering line was cnt, by a mountain range. R secondary was induced 
1-m t.ha ewtern siilc? ci the rang .  12)  When thc steerinq l i n ~  curved 
sharply. (4) \Vhen t.lie real pilar air came :;Iter the cyclone l?ad 
paserd away, a wcondary wax produced in  the cold sector, prolonging 
the stwirig line of the mlin cyclnne to the west of ita centor. (-5) 
Along the squall line when the fault. nf the isobars became very large. 

The pa )er is concluded by miscellaneous remnrks con- 
cerning t h e storm: tliti inclination of the ask of the 
cyclone is less over thc sen than over the land. In  the 
latter cn::e, tlie lower part of tho cyclone is nearer the 
s r ~  than the upper portion.2 This cyclone wts in 
acrorclance with Prof. T. Tcrarln's conclusions from a 
st:itistical study of c.yc.lones in the Fur East, namely, 
that cyclones tend to pass over lrtnrl in sumnier and teiid 
to avoid land in wiiiter.--C. L. 2. 

crossed tlie pwinsu f a. 

i-clt un juhlished) requires the y . .  resence . f  o n h orizontd \-or- 

_- 
8 CF Brooks C. F.: On the orighi or some secondary cyclones on the Middle Atlantic 

(had: Mo. 6 E A T A E R  REV., Jaiiua 
3 Preliminary studies olryrloncs i i i k e a k n  United Statesshow thissametendciirv, 

whirh is explained by strong contrasts of teniperat.ure bctwecii thc mthrast and north- 
west quadrunts of the storm. In summer. the osis is more nearly vertiral a.4 was iound 
tu be the ease over thesea. iu Doctor :iobsynsi's cyclone orobahly duo to the lcrs-marked 
horlrsntal temperature contrast in the losest 3 kilrJm&s.--C. L. M. 

lU"1, 49: 12-13. 


